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RESEARCHE MEMORANDUM

TTME HISTORTES OF LOADS AND DEFORMATIONS OR A
B—45A ATRPIANE IN TWO ATLERON ROLIS

By. T. V. Cooney and William A. McGowan
SUMMARY

. Loads measured on the horizontal tail, vertical tall, and wing
and the aercelastic distortions of eleva.tors, stabilizers, and fuselage
of a BU45A airplene in a right and a left roll at a Mesch number of 0.60
and an altitude of 15,000 feet are presented. The data are given in .
time—-history form.

INTRODUCTION

A B-L54 airplane has been made avallable to the EACA for a tall—
loads investigation. The airplane has been instrumented with strain
gages for measurements of the horizonbal—tall, vertical~tall, and wing
loads and with additional instruments for mea.su:r:ement of the deforma—
tion which occurs 1n the elevators, stabilizers, and fuselage due to
aerodynemic and inertia loads.

Some immedlate results obtalned from the flrst flight, which was
primarily a pilot-familiarization and instrument check flight, are
presented in this paper. Loads on the horizontal tell, verticel teil,
and wing and the structural deformation of sta.bilizers, elevators, a.nd.
fuselage during right and left aileron rolls with rudder fixed at an
altitude of 15,000 feet and a Mach number of 0.60 are presented in
time-history form. Time histories of a steady—flight run, two pull—ups,
and a turn have previously been reported in reference 1.
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SYMBOLS

Symbols used In thils paper are defined as follows:

M Mach number

hP pressure altitude

g acceleration due to gravity, 32.2 feet per second per
second

Up loads on the horizontal steblllizers, elevators, and wing are
consldered positive. Posltive loads on the vertical tall act to the
right when loocking forwerd. Other sign conventions used are defined
In the figures.

APPARATUS AND TESTS

The alrpleane used for this investigation is a B-45A (No. T7021).
Figure 1 1s a three—vlew drawlng of the airplene showlng the approxli—
mate locations of the load and deflectlon-measuring devices.

Standard NACA photographic recording instruments are used to
measure elrspeed snd altitude, rolling, pitching, and yawlng velocitiles,
sldeslip angle, accelerastions, control forces, and control positions.
The noymsl, transverse, and longitudinal acceleratlions are measured at
the airplane center of gravity and at fuselage station 7il4 (approxi—
mately the one—quarter chord of the horizontal tail). Measurements of
normal accelerations are also made at the midsemispan and tlp of both
horizontal stabllizers.

The alrspeed boom 1s mounted at the left wing tip with the alr—
speed heed. approximately 1 chord length ahead of the leading edge.
The results of a flight calibration of the esirspeed system for
position error and the analysis of avallable data for a similar
ingtellation indicate that Mach number is correct to £0.0l. The
" sldeslip—angle recorder ls mounted on a boom extending approxi-—
mately 1 chord length ahead of the right wing at the tip.

Electrical resistance strain gages ere installed on sach spar
for shear and bending-moment measurements at stations 18 and 14 on
the horizontal end vertical talls, respectively, and at station 71 on
the wing. In addltion, strain gages installed on the slevator and
rudder hinges and torgue tubes permit messurements of loads and torques
on theme control surfaces. Twlst bars Installed in the horizontal
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atebillzers are used to measure the twist of the stabilizer midsemi—

span and tip wilth respect to the root. Conbrol—position transmitters
mounted at the root and tilp of each elevator are used to measure the
elevator twist. The transmitters are wired so as to glve no response
when the elevator 1s deflected without twilsting. In flight, these
measurements refer to twist of the elevator relative to the stebillzer.
The right and left elevators are warped at the tip 1.0° and 1.5° trailing
edge up, respectively. To obtain total elevator twist, the elevator
bullt—in twist must be added to the flight measurements. Additional
control-position tranemitters installed at the root of the elevator are
used to measure the elevator position. The positions of the tebs, rudder,
and allerons are also measured by control—position trensmitbers.

M optigraph mounted at the rear spar of the wing (fuselage
station 423) is used to record the vertical motion of small lights
positioned in the fuselage at the approximate location of the front
and rear spars of the horizontael tall (fuselage stations 699 ard T59). -
. From this instsllation a time history of the structural deflection of

the rear portion of the fuselage can be obtained. A I:-L—O-second. time

pulse -was used to correlate data from all recording instruments.

The data reported herein were obtelned in right and left rollis at
en eltitude of 15,000 feet and M = 0.60.

RESULTS AND DISCUSSION

L]

The loads presented are serodynamic loads. The estimated reading
accuracies for the quantities messured are shown in table I.

Presented in figure 2 are time histories of quantities measured
in the right roll with the airplane In the clean conditlion at a Mach
number of epproximately 0.60 at 15,000 fest. Time histories of
measurements made during a left roll at approximstely the same altitude
and Mach number are shown in figure 3. There was no appreclable varia—
tion in airspeed or altlitude during either mensuver.

It can be seen from figure 2 that the horizontal-—tell—load
d1lssymmetry during a right roll is small, the greatest being 400 pounds
more down losd on the left tail. The horizontal—tall load varies
between 2700 pounds and 3800 pounds in the dowa direction. Elevator
loads are up and small and are less than 400 pounds.

At the start of the run the airplane is in steady 2° left side—
g8lip, and at the time of greatest vertical~tall load the sidesllp angle
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1s approximately zero. The maximumm rate of roll is 0.46 radian per
second. The elevator sngles are practically constant at 2.0° down
during the msneuver.

) The vertical—tall load in the right roll is small. The fin load
1s 420 pounds to the right at the start of the run with a load

of 950 pounds to the left occurring at the time of zero sideslijp.. The
rudder load 1s to the left throughout the manesuver and 1s always less
than 200 pounds. The rudder angle ls zero.

Right and left wing loads are presented. The differential rigging
of the allerons accounts in part for the unsymmetricel appearance of
the curves. Maximum total alleron deflection for this maneuver (sum of
right and left deflections) 1s approximately 18°. The maximm total
aileron angle available is 45°.

Right and left stabilizers twisted approximately 0.2° nose down
while the 0.l6—inch tall—down bending of the fuselage at station 699
was reduced 0.03 inch during the roll. Measured twist of the left
elevator is 0.75° trailing edge up while the twist measured on the
right elevator is 1.5° tralling edge up. The difference in measured
twist of right and left elevators In flight may be attributed to the
elevator built—in twist.

Flgure 3 shows that the greatest horizontal—tail—load dissymmetry
in left roll 1s 750 pounds. At the game time the sidesllp angle
increased fram 1.7° left to 4.4° left. Total horizontal-teil loads
increased positively from 3800 pounds down to 2000 pounds down.
Elevator loads are less than 400 pounds in the up diredtion.

The meximum rate of roll in the left roll is 0.56 radien
second. The elevator angles are constant at approximately 2 0
The greatest total alleron angle is 23°,

It is seen that the increment in fin load is 1600 pounde with a
-maximum load to the right of 2000 pounds, whilch occurs at approximately
the time of pesk sideslip. The rudder loasd is small and varles
from 100 pounds to the left to 40 pounds to the right. The rudder

angle 1g zero.

The right and left wlng loads ere approximetely symmetrical about
a mean which follows the trend of the center—of-—gravity normal-—
acceleration curve. Stabllizer and elevator twists and fuselage deflec—
tion are similar to those shown In figure 2. This simllerity is to be
expected slnce horizontal—tall loads iIn both right and left rolls were
found to be comparable.
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The results obtained indicate that loads on the fin and rudder of
the test airplane ere small during right end left aileron rolls with
rudder fixed at M = 0.60 eand an altitude of 15,000 feet. The incre—
ment in sideslip engle of 2.7° was obtained using a total alleron
deflection of approximately one—half the available alleron travel. The
greatest load dissymmetry on the horizontal tall occurred during the

left roll where 'bhe right tall carried 750 pounds more down load than
the left.

Langley Aeroneutical Laboratory
Netional Advisory Comittee for Aeronautics
Langley Air Force Baze, Va.
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TABLE T
ESTIMATED READING ACCURACIES FOR MEASURED QUANTITIES

Rudder positions, deg . . ... « « .

Sideslip angle, deg . . . - (0 P X o}

Center—of—gravity normal acceleration, g units . o W0 .
Tall normal acceleration, gunits . . . . . . c e & = o s & 0.05
Tall transverse acceleratlion, g units . . . . e s« s s s . . XOo,01
Elevator positions, deg . . . . . . . .. e e o s s s s . X0.25
Alleron positlions, deg . . .« . « . . c e e e e s s e & s« o « 0,10

.« & e « o e . e +£0.10

Pitching acceleration, radi&ns/sec ... X001

.
r

Rolling velocity, radians/sec e e e e e e e e« e o « .. x0.008
Yawing velocity, radiens/sec . . . . . .« e e .« . . . to0o.01
Totel horizontal-tall asrodynamlc loa.d. lb - 1Yo
Stabilizer aerodynamic load, 1lb (each stabilize ) .. .. ... Hiko
Elevator serodynamic load, b (each elevator) e e e e e e +60
Total vertiecal—taill aerodynamic load, lb ¢« v + v ¢ o ¢ o e 0 s 1130
Fin serodynamic load, 1D « . « « v « o o o « o « o o« o = » » » » FOO
Rudder aerodynamlc load 1 .. . . e e e e e v e s e s e . +30
Wing aerodynemic load, b (each wing) e e e e e e e e +1000
Stablllzer twist at tip, deg . . . c s e e e s e e s e e . 10.015
Stabllizer twist at midsemlispan, deg o e e s e » e s e s o o EO.007
Elevator twist (uncorrected for stabllizer twist), deg « . . . . X0.07
Fuselage bending deflectiom, in. . . . . . . . . e e s s s e . T0.03

. . s e o . . X0.01

Mech Number . v o« « o o = « o o s o« o o
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Figure 1l.- Three-view drawing of test sirplane showing approximate
locations of straln-gage bridges and deflectlon-measuring devices.
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Figure 2.- Time histories of measured guantities duwring a right roll.

Alrplane weight, 61,000 pounds; center of gravity at 28.30 percent

mean aerodynemic chord.
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